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Abstract. In this talk I review the New Physics reach of semileptonic beta decay experiments, and 
their interplay with LHC searches. Assuming the new particles are heavy enough we can use an 
Effective Field Theory (EFT) approach to analyze the LHC searches, what allows us to perform a 
direct and model-independent comparison with low-energy experiments. 

Semileptonic beta decays, that played such an important role in the development 
of the Electroweak Theory, represent a very useful tool in the current search of New 
Physics (NP). We review here the implications of the current and future experiments 
with neutrons, nuclei and mesons, that will achieve an unprecedented level of precision, 
as nicely shown in several talks at this conference [1]. We also review the interplay 
with LHC searches in the pp — > ev channel, that probe the same kind of NP since the 
underlying partonic process is the same {ud — > ev). 

NP bounds extracted from nuclear and neutron beta are usually expressed using the 
C coefficients of the effective hadronic Lagrangian, where protons and neutrons are the 
active fields [2, 3]. Likewise, the bounds from pion decays are expressed in terms of the 
low-energy constants of the effective %PT Lagrangian. However, all these beta decays 
are probing the same partonic process and hence it is worth going one step down in the 
theoretical description and using the quark-level Lagrangian, so that all the experimental 
results can be casted in a common language and one can compare them and evaluate their 
interplay. For this reason we will work with the following low-scale 0(1 GeV) effective 
Lagrangian for semi-leptonic transitions: 
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The non-standard effective couplings £ ; and £ ; are functions of the masses and couplings 
of the new heavy particles yet to be discovered, in the same way as the Fermi constant 
is a function of the W mass and the weak coupling. However we do not need to know 
these functions to compare the NP reach of different beta decay experiments. 

This step from hadrons to quarks requires the calculation of the associated form 
factors, usually a non-trivial task due to the non-perturbative character of QCD at 
low energies. Schematically we can write C = FF x £, where C are the hadronic level 
coefficients, and FF are the form factors. Thus we can see that the extraction of the NP 
couplings £ is a very rich physics problem that involves: (i) experimental determination 
of the different observables; (ii) analytical methods that connect the observables with the 
hadronic coefficients C, including subleading effects like weak-magnetism or radiative 
corrections; and (iii) numerical or analytical methods to calculate the form factors. 

The e[ coefficients affect the observables only quadratically, since they come with 
a right-handed (RH) neutrino, whereas the £, terms can interfere with the Stan- 
dard Model (SM), and thus beta decay experiments are more sensitive to them. 
The pseudo-scalar and (axial)vector couplings are strongly constrained by the ratio 
R n = T{k — > ev) /T(k — > /iv) [4] and CKM unitarity tests [5] respectively, whereas the 
situation for the scalar and tensor couplings £5 and £7 is summarized in Fig. 1 (left) 2 . A 
thorough review of the bounds on these coefficients from nuclear, neutron and meson 
decays can be found in Refs. [7, 8]. 

As mentioned above, one expects that whatever NP is generating non-zero £, coef- 
ficients should as well modify the pp — > ev cross-section at the LHC at some level. 
Moreover, if we assume that the new particles are too heavy to be produced at the LHC 
we can keep using a model-independent EFT description 3 and we can put bounds on the 
£, coefficients from the LHC searches. In this scenario, the cross-section with transverse 
mass higher than rhj takes the following form 4 : 
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where <3^{ihj) is the SM contribution and Ow^r^.t^t) are new functions, which 
explicit form can be found in Ref . [8] . All we need to know is that they are several orders 
of magnitudes larger than the SM contribution, what compensates for the smallness of 
the NP coefficients and makes possible to set significant bounds on them from these 
searches. On the other hand, we see that the LHC is not very sensitive to e v L , £1 and £ R . 

The absence of any significant excess of high-m^ events in this channel can be 
translated into bounds on the different NP couplings, as shown in Fig. 1 (right) for scalar 
and tensor couplings. From Eq. (2) it is clear that the bounds for £$ : p and £$.p are the 



Although not shown in Fig. 1, the ratio R n is also a very powerful probe of scalar and tensor interactions 
since they generate radiatively a pseudo-scalar interaction [6]. See Refs. [7, 8] for more details. 

3 The matching conditions between Wilson coefficients of the low- and high-energy effective Lagrangians 
can be found in Refs. [7, 8]. 

4 Notice that high-energy searches probe separately the vertex correction £ V L and contact e[ contributions 
to the coupling Sl, defined in Ref. [8]. 




FIGURE 1. 90% C.L. limits on the scalar and tensor NP couplings £5 7-. The left figure shows the 
bounds from superallowed nuclear decays [9] (green) and radiative pion decay [10] (yellow), along with 
the expected bound from future measurements of the Fierz term b in neutron decay [1] (purple). The 
hadronic form factors have been taken from Refs. [7, 11]. The right figure shows the bounds obtained 
with 5 fbr 1 of data recorded at y/s = 7 TeV by the CMS Coll. in the pp ->■ ev channel [12] (blue solid 
line). The previous bound obtained using only 1 fb~' of data [7] is shown for comparison (red solid line), 
as well as the expected bound with higher luminosities and energies (dashed and dotted lines). We refer 
the reader to Refs. [7, 8] for more details. 

same, and likewise for £j and £j. It can be shown that the sensitivity to the remaining 
two couplings and e£ is approximately a factor two weaker than in the £j case [8]. 

As Fig. 1 nicely shows, there is an interesting competition between low- and high- 
energy searches looking for new scalar and tensor interactions. For other couplings, 
like the pseudoscalar ones, low-energy probes are much more powerful, whereas for 
interactions involving RH neutrinos the LHC will dominate the search [8]. We see that 
only the combination of both searches can give us a complete picture of non-standard 
charged current interactions. 
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